The Tevatron provides 1.96 TeV pp collisions and allows for collection of rich b-hadron samples to the two experiments CDF and D∅. The study of heavy flavor properties represents a fruitful opportunity to investigate the flavor sector of the Standard Model (SM) and to look for hints of New Physics (NP). Here we report the first measurement of polarization amplitudes in B 0 s charmless decays, world leading results on b-hadron lifetimes, and measurements of several other properties of b-hadrons.
The B 0 s → φφ decay proceeds through a b → sss quark level process, whose dominant diagram is the b → s penguin: it is potentially sensitive to NP that could manifest itself through the presence of new particles in the penguin loop. In addition, the B 0 s → φφ is a decay of a pseudo-scalar meson to two vector mesons whose differential decay rate is determined by three independent amplitudes corresponding to different polarizations: one longitudinal (A 0 ) and two transverse, with spins parallel (A ) or perpendicular (A ⊥ ) to each other. a In the SM, |A 0 | 2 |A | 2 +|A ⊥ | 2 is naively expected in B decays to two light vector mesons. 1 This was experimentally confirmed by BaBar and Belle in tree-dominated transitions. 2 In contrast, it was found |A 0 | 2 |A | 2 + |A ⊥ | 2 in b → s penguin decays. 3 In order to shed light on this "polarization puzzle" additional experimental information is required and b → s penguins in charmless B 0 s decays are a promising opportunity. The B 0 s → φφ decay has been observed in its K + K − K + K − final state for the first time by CDF in 2005 in 180 pb −1 of integrated luminosity: 8 events have been counted, and the branching ratio (B) has been measured. 4 Recently, CDF presents an updated analysis with 2.9 fb −1 of data collected with the displaced track trigger. 5 The reconstructed signal events are 295 ± 20(stat) ± 12(syst) and B = [2.40 ± 0.21(stat) ± 0.86(syst)] × 10 −5 , which is consistent with the previous result and with the theoretical prediction. 9 We report the first polarization measurement of such decays using the same data set of the branching fraction update. 6 In this analysis, the untagged time-integrated decay rate as a function of three angular variables of the final state decay products is considered. The polarization amplitudes are corrected for the expected lifetime difference for the B 0 s mass eigenstates using the world average B 0 s lifetime and width difference, 7 and the tiny CP phase in B 0 s mixing is neglected, as expected in the SM. b, 7 Thus, a fit to the reconstructed B 0 s mass and to the a The three polarization amplitudes are constrained by the unitarity condition:
Anyway, the effect related to a possible non vanishing CP-violating phase in mixing at a level consistent with the current world average is included in the systematic treatment.
decay product angular distributions is performed. The approach is validated by performing a similar measurement using B 0 s → J/ψφ decays, collected via the same trigger, and comparing the obtained results with the current experimental information on the polarization in such a decay. 8 The measured polarization amplitudes and the cosine of δ = arg(A 0 A ) are: 
Lifetimes
The lifetime of the ground state hadrons containing a b quark and lighter quarks is largely determined by the charged weak decay of the b quark. Ignoring the lighter quarks in the hadron, the spectator model predicts equal lifetimes for all b-hadrons. However, several effects change these expectations by up to about 10%. The lifetime ratio τ (B + )/τ (B 0 ) is predicted to be in the range 1.04-1.08; 11 for the τ (Λ 0 b )/τ (B 0 ) the range is wider, from 0.83 to 0.93. 12 Using a 4.3 fb −1 data sample, CDF searches for fully reconstructed b-hadron decays with a J/ψ decaying to muon pairs:
The data are collected by the dimuon trigger, which has no biasing effects on the observed proper time distribution. The analysis consists of a maximum likelihood fit to the mass, the proper decay time and the proper decay time uncertainty of the reconstructed candidates. The measured lifetimes are reported in Tab. 1: they are the most precise determination of the B + , B 0 and Λ 0 b lifetimes. Several systematic uncertainties have been studied with Monte Carlo samples; while the overall systematic uncertainties remain small, the uncertainty on the extracted lifetime values is dominated by the silicon detector alignment uncertainty in the case of B mesons and by the resolution effects in the case of the Λ 0 b . A cancellation of some common systematic uncertainties in the lifetime ratios is achieved by using the vertex of the two tracks from the J/ψ, common to all decay modes, as an estimate of the transverse decay length. c
The Λ 0 b lifetimes measurement has particular interest (see Fig. 1 (b) ): until 2006 all measurements were in agreement and lay at the lower end of the theoretically expected value. Then, c The transverse decay length is the projection of the decay lenght in the plane transverse to the beam.
CDF performed two high precision measurements 14 which are significantly above previous results; this is confirmed by the latest result here reported. −0.25 (stat) ± 0.02(syst) ps. The small systematic uncertainties in the CDF measurements are due to the ability to reconstruct the actual trajectory of the long-lived hyperons from their hits in the silicon tracker.
The disagreement between the CDF and D∅ Ω − b mass measurements consists of about six standard deviations. In addition, the measured Ω − b production rates relative to the Ξ b are different between the two experiments, being f CDF = 0.27 ± 0.12(stat) ± 0.01(syst) and f D∅ = 0.80 ± 0.32(stat) +0.14 −0.22 (syst). Neither measurement is very precise; nevertheless, CDF indicates a rate substantially lower than D∅. The mass obtained by CDF agrees with theoretical estimates. 17 Clearly, further studies are needed to resolve the discrepancies and analysis updates are ongoing with the addition of new available data.
Conclusions
In the latest years, the CDF and D∅ heavy flavor programs reached maturation, yielding results that are competitive to the B factories ones for the B ± and B 0 properties measurement, and complementary to them for the study of the b-baryons and the B 0 s meson. We presented here a small sampling of recent results, including the first measurement of decay-polarization structure in a charmless B 0 s decay, world-leading measurements of b-hadron lifetimes, the structure study of a Λ 0 b hadronic decay mode and the observation of the Ω − b baryon. These are obtained using just a fraction of the presently available data-samples, which keep increasing at a pace of 70 pb −1 per week. The large amount of data, and ever improving analysis technique suggest a few years of exciting competition with the LHCb experiment that has just started its operations.
